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[57] ABSTRACT

In an ATC apparatus, an ROM stores a plurality of
parameters used for identification of an ATC signal.
These parameters are sequentially read out from the
ROM and applied to a ring-arithmetic type frequency
pattern generating circuit to be converted into a plural-
ity of pulse trains having respective reference frequen-
cies. These pulse trains are then sequentially applied to
a ring-arithmetic type frequency comparison circuit and
are compared with the frequency-modulated ATC sig-
nal in a time division mode so as to identify the speed
imit indicated by the ATC signal. The frequency pat-
tern generating circuit generates also a pulse train cor-
responding to the speed limit. The frequency compari-
son circuit executes also comparison between the fre-
quency of the pulse train indicative of the speed limit
and that of a pulse train indicative of the detected train
speed, and an ATC brake instruction signal is generated
when the result of comparison proves that the detected
train speed exceeds the speed limit. The frequency pat-
tern generating circuit and the frequency comparison
circuit are included in a single LSI.

14 Claims, 15 Drawing Figures
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1
AUTOMATIC TRAIN CONTROL APPARATUS

This 1s a continuation of Application Ser. No. 307,202
filed Sept. 30, 1981 is now abandoned. 5

BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention relates to improvements in an auto-

matic train control apparatus (which will be abbrevi- 10
ated hereinafter as an ATC apparatus).

An ATC apparatus functions to control the running
speed of a ratlway train to within a predetermined speed
limit which is variable depending on the condition of
the scheduled run of the train and also on the condition 15
of the tracks. From its nature, the ATC apparatus is
required to be highly fail-safe. |

2. Description of the Prior Art

A prior art ATC apparatus is generally composed of
a signal receiving section which receives a frequency- 20
modulated ATC signal transmitted from a transmitter
disposed along the track and identified the train speed
limit indicated by the ATC signal, and a speed correlat-
ing section for comparing the above speed limit with
the actual train speed detected by a tachogenerator and
for generating an ATC brake instruction signal when
the result of that comparison proves that the detected
train speed exceeds the predetermined speed limit. The
signal receiving section of the ATC apparatus must be
fully fail-safe so that it can satisfactorily demodulate the 30
received frequency-modulated ATC signal to remove
the carrier frequency and then accurately identify the
predetermined speed limit by a frequency discriminat-
ing function. In order that this frequency discriminating
function may not become abnormal, three signal receiv-
ing sections are generally provided to receive the fre-
quency-modulated ATC signal, and the frequency of
the demodulated ATC signal is determined by taking
the majority of the signal receiving section outputs, that
1S, according to the rule of two-out-of-three. The result 40
of frequency discrimination is such that one of the signal
receiving section outputs is decided to be indicative of
the speed limit under the condition that all of the signal
receiving section outputs lower than that have already
appeared. For example, the speed limit is decided to be 45
45> km/hr when signal recetving section output indica-
tive of 30 km/hr has already appeared. The speed limit
15 decided to be 60 km/hr only when the signal receiv-
Ing section outputs indicative of 30 km/hr and 45 km/hr
have already appeared. Further, the speed limit shifts
necessarily toward a lower speed in the event of failure
of any one of the analog circuit components constitut-
ing the signal receiving section, so as to ensure the
fail-safe performance of the signal receiving section.

Also, to ensure the fail-safe performance of the speed
correlating section of the ATC apparatus, the speed
correlating section has been so constructed that not
only 1s a failure detecting function additionally pro-
vided, but also the failure-free operability of this failure
detecting function can be checked.

The high degree of fail-safe performance of the ATC
apparatus has thus been realized heretofore as will be
understood from the above description. However, there
1s certainly a limit to the fail-safe performance of such a
system, and 1t cannot be positively confirmed that the
ATC apparatus 1s fail-safe under all conditions. This is
because, In the realization of the fail-safe performance
of the ATC apparatus, the failure mode of its parts is
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previously assumed, and also, the number of simulta-
neous occurrence of failures is assumed to be only one.
In the case of a digital IC, for example, only a degenera-
tion failure in which its input and output terminals are
maintained fixed at the level of “0” or *““1” is assumed,
and no consideration is given to the uncertain failure in
which the level of the output from the IC changes acci-
dentally to “0” to “1”, and no consideration is also
given to a failure in which occurrence of an accident in
the IC package results in a change in the designed func-
tion of the IC. Further, failures of plural parts due to,
for example, an external surge voltage are not taken into
consideration, and a short-circuit between conductors
due to intrusion of foreign matter therebetween also is
not taken into consideration. Generally, such a failure
cannot occur or hardly occurs. On the other hand,
however, it is well known that a vital accident typically
occurs when a situation considered to rarely happen has
occurred or when one problem has accidentally over-
lapped another problem.

As described already, it is the function of the signal
receiving section of the ATC apparatus to discriminate
the frequency of the received ATC signal, and, because
of the fact that the ATC signal has a predetermined
frequency, this function can be achieved by comparing
the frequency of the ATC signal with those of a plural-
ity of reference frequency signals. On the other hand,
the frequency comparison itself is the sole function of
the speed correlating section of the ATC apparatus. In
spite of the fact that the signal receiving section and
speed correlating section of the ATC apparatus are thus
similar in their functions, these sections have been fur-

nished as independent units in which not only the hard-
ware parts but also the parts including the power

sources and casings are separately provided. The resul-
tant increase in the number of parts, volume, weight,
power consumption, etc. of the prior art ATC apparatus
has resulted in degradation of the reliability which is
most important for this kind of apparatus.

SUMMARY OF THE INVENTION

It is a first object of the present invention to provide
an ATC apparatus operable with reliability and fail-safe
performance both of which are improved over those of
the prior art.

It 1s the first feature of the present invention that the
ATC apparatus comprises essentially read-only mem-
ory (which will be abbreviated hereinafter as a ROM)
for storing various parameters, and a large-scale inte-
grated circuit (which will be abbreviated hereinafter as
an LSJ) functioning as a logical operation section in-
cluding a frequency signal input circuit for receiving a
frequency signal, a comparison circuit for comparing
the frequency signal applied from the frequency input
circuit with a parameter read out from the ROM after
attaining matching between the signal mode of these
signals, and an output logic circuit logically operating
on the result of comparison by the comparison circuit.

A second object of the present invention is to provide
an A'TC apparatus of simplified structure which is oper-
able with improved reliability.

It 1s a second feature of the present invention that the
function of discriminating the speed limit indicated by
an ATC signal received by a receiver on the train and
the function of comparing the speed limit with a signal
indicative of the detected train speed are attained by
single comparing means operated in a time division
mode.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a basic block diagram showing the general
structure of a first preferred embodiment of the ATC
apparatus according to the present invention. 5

FIG. 2A is a block diagram showing the structure of
the frequency pattern or reference frequency signal
generating circuit employed 1in the first preferred em-
bodiment of the present invention.

FI1G. 2B is a block diagram showing the structure of 10

the frequency comparison circuit employed in the first
preferred embodiment of the present invention.

FIG. 3 shows the truth table of the circuit shown in
FIG. 2A.

FIG. 4 illustrates the concept of the ring arithmetic 15
employed in the present invention.

FIG. 5 is a detailed view of the circuit shown in FIG.
2A or 2B.

FIG. 6 is a time chart illustrating the operation of the
circuit shown in FIG. 2A or 2B. 20
FIG. 7TA 1s a block diagram showing the detailed
structure of the first embodiment of the present inven-

tion.

FI1G. 7B shows in detail the connection between the
ROM and the arithmetic LSI shown 1n FIG. 7A. 25
FIG.8A illustrates, by way of example, the locations

of the parameters stored in the ROM shown in FIG. 7A.

FIG. 8B illustrates the regions of the ROM in which
the parameters are stored.

FIG. 9 15 a time chart illustrating the operation of the 30
embodiment shown in FIG. 7A.

FIG. 10 is a graph showing, by way of example, a
group of reference frequency signals to be compared
with the train speed signal.

FIG. 11 is a block diagram showing in detail the 35
structure of a second preferred embodiment of the pres-
ent invention.

FI1G. 12 illustrates, by way of example, the locations
- of the parameters stored in the ROM shown in FIG. 11.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

- Preferred embodiments of the present invention will
now be described in detail with reference to the draw-
Ings. 45

FIG. 1 1s a basic block diagram showing the general
structure of a first preferred embodiment of the ATC
apparatus according to the present invention. Referring
to FIG. 1, a receiver 1 and a tachogenerator 3 are con-
nected to the ATC apparatus which is generally desig- 50
nated by the reference numeral 100 and includes an
ATC signal demodulating circuit 2, a wave shaping
circuit 4, an arithmetic L.SI S carrying out logical opera-
tions, a ROM 6 storing various parameters and an out-
put amplifying circuit 7. A frequency-modulated ATC 55
signal transmitted from a track circuit is received by the
receiver 1 and 1s then demodulated by the ATC signal
demodulating circuit 2 to appear therefrom as a fre-
quency signal indicative of a predetermined speed limit.
The frequency signal is applied from the circuit 2 to the 60
arithmetic LSI 5 which identifies the speed limit. On the
other hand, a speed signal indicative of the detected
speed of the train is transmitted from the tachogenera-
tor 3 to the wave shaping circuit 4 in which the signal is
subjected to wave shaping and level conversion to ap- 65
pear therefrom as a train speed-indicative pulse signal.
This pulse signal 1s applied also to the arithmetic LSI S.

In the arithmetic LSI §, the ATC signal is sequentially

4

compared with the parameters stored in the ROM 6 to
discriminate the speed limit which is specified from
among a plurality of speed limits. Then, another param-
eter stored in the ROM 6 is used to generate a reference
pattern proportional to the specified speed limit, and
this reference pattern 1s compared with the train speed-
indicative pulse signal to find whether or not the de-
tected train speed exceeds the speed limit. When the
result of comparison proves that the train speed exceeds
the speed limit, an ATC brake instruction signal appears

through the cutput amplifying circuit 7.
To assist in the understanding of the embodiment of

the present invention shown in FIG. 1, the basic princi-
ple of the automatic train control according to the pres-
ent invention will be described.

The speed limit signal applied from the ground equip-
ment 1 to the ATC apparatus 100 is a frequency signal,
and the output signal of the tachogenerator 3, which is
indicative of the detected train speed and applied to the
ATC apparatus 100, is also a frequency signal.

The frequency of the ATC signal is not in 1:1 corre-
spondence with the value of the corresponding speed
limit. It 1s necessary to identify the speed limit indicated
by the ATC signal by comparing such an ATC signal
with a plurality of predetermined reference frequency
signals.

According to the present invention, therefore, digi-
tized values of the reference frequencies are stored in
the ROM 6, and, after converting the digitized values
into the frequency signals in a converter, the frequency
signals are compared in a comparator with the ATC
signal and the train speed-indicative pulse signal both of
which are frequency signals.

In the first place, the basic principle of generating
operation of the frequency signal on the basis of the
digitized values stored in the ROM 6 will be described.

Referring to FIG. 2A, a 1-bit full adder 902 executes

binary addition of

A+B+C

in response to the application of a 1-bit data mput to
each of its input terminals A, B and C. The result of
binary addition in the full adder 902 provides a binary
number of two bits at the maximum. The less significant
bit appears at a terminal £, and the more significant bit
appears at a carry terminal Cr as a carry signal.

The truth table of the binary addition in the full adder
902 is shown in FIG. 3.

Suppose now, for simplicity of explanation, that the
data stored in the ROM 6 has a length of 4 bits, and a
shift register 903 is a 4-bit register. Suppose further that
data (0011); is stored in the ROM 6 in order from the
most significant bit (MSB) to the least significant bit
(LSB). It 1s to be noted that (a), generally expresses that

a 1s an n-coded number.
Such data (0011) is applied from the ROM 6 to the

full adder 902 in order from the LSB to the MSB in
response to the application of a clock signal 905.

Suppose that the initial content of the shift register
903 1s (0000);. Then, as a result of serial application of
the successive bits of the 4-bit data (0011); from the
ROM 6 to the full adder 902 in order from the LSB to
the MSB, the binary number registered in the shift regis-
ter 903 increases to

(0000)2 +(0011)2 =(0011)2
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S
by the first addition, and its content s now as shown in
FI1G. 2A.
The content of the shift register 903 increases pro-
gressively with further application of the clock signal
905, as follows:

(0011); + (0011); = (0110);
(0110); + (0011); = (1001);

The carry from each bit is temporarily held in a carry
holding circuit 904 and appears from the carry holding
circuit 904 during the addition of a more significant bit
in phased relation with the clock signal 903.

The content of the shift register 903 increases further
until it attains the value of (1111); at the end of the fifth
addition. Then, when the result of the sixth addition
attains the value

(1111)3+(0011)2 =(10010)s,

the carry signal Cr appears for the first time to indicate
that a ““1” appears in the 5th bit position, counted from
the LSB, after the addition of the MSB’s. A frequency
divider circuit 909 divides the frequency of the clock
signal 905 by the factor of 4 to provide a select signal
907 which 1s applied to a selector circuit 906, so that the
carry signal Cr applied from the full adder 902 as a
result of the addition of the MSB’s in the sixth addition
can only be selected in response to the application of the
final clock pulse selected from among the four. Thus, an
output signal 908 of level “1” appears from the selector
circuit 906 1n response to the application of the 24th
clock pulse (in the sixth addition_cycle) counted from
the Ist clock pulse, that is, after the sixth addition of
(0011); to the content of the shift register 903. The
content of the shift register 903 is now represented by
(0010)2, and the shift register 903 prepares for the next
binary addition.

It will be apparent from the above description that,
when parameter data stored in the ROM 6 has a large
value, the frequency of carry occurrence during the
addition of the MSB’s, hence, the frequency of the out-
put signal 908 from the selector circuit 906 is high,
while when the parameter data has a small value, the
frequency of the output signal 908 from the selector
circuit 906 is low. It is therefore possible to change over
the frequency of the reference pattern depending on the
value of the parameter data stored in the ROM 6.

In order to achieve the ATC function, it 1s necessary
to successively produce a plurality of reference fre-
quency signals (frequency patterns) by means of the
above-mentioned reference frequency signal generating
means and sequentially compare them with the ATC
signal, according to the principle above described.

Description will next be directed to the basic princi-
ple of the frequency comparison circuit disposed in the
stage succeeding the frequency pattern generating cir-
cuit above described.

The frequency comparison circuit may have a struc-
ture which 1s substantially the same as that of the fre-
quency pattern generating circuit, as shown in FIG. 2B.
In FIG. 2B, like reference numerals are used to desig-
nate like parts appearing in FIG. 2A. Referring to FIG.
2B, an adder-subtractor 902 includes a positive input
terminal B(+) and a negative input terminal B(—). The
input to the positive input terminal B(+) of the adder-
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6

subtractor 902 is, for example, the train speed-indicative
pulse signal, while the input to the negative input termi-
nal B(—) 1s, for example, the speed limit-indicative
pulse signal, and these two input signals are applied in a
relation synchronous with each other. No change oc-
curs 1n data registered in a 4-bit shift register 903 when
the two input pulse signals are simultaneously applied to
or are not applied to the respective input terminals
B(+) and B(—) of the adder-subtractor 902. A “1” s
added when the input pulse signal is applied to the
positive input terminal B(+) only, and the result is
registered in the shift register 903. On the other hand, a
“1” 1s subtracted (hence, a “—1" is added) when the
input pulse signal is applied to the negative input termi-
nal B(—) only, and the result is registered in the shift
register 903.

Therefore, when the frequency of the train speed-
indicative pulse signal is higher somewhat than that of
the speed limit-indicative pulse signal in the example
above described, the value of the data registered in the
shift register 903 increases progressively until it attains
the value (1111); shown in FIG. 2B. Then, when the
train speed-indicative pulse signal alone is applied to the
positive input terminal B(4-) of the adder-subtractor
902, the carry signal Cr indicative of a carry from the
most significant bit (MSB) appears from the adder-sub-
tractor 902. As in the case of FIG. 2A, the carry signal
Cr indicative of the carry from the MSB can only be
selected by a selector circuit 906 so that the ATC brake
instruction signal can similarly be generated. It can be
seen that the circuit shown in FIG. 2B operates as an
integrating type frequency comparator, and the integra-
tion time constant can be freely selected by changing
the number of bits of the shift register 903 or by altering
the settings of the weights of addition and subtraction at
the individual bits.

While the above description has referred to the func-
tion of speed correlation only, the circuit shown in FIG.
2B can be also used for comparison between the ATC
signal and the reference frequencies. The operation of
the circuit ttself is similar to that of the circuit shown in
FI1G. 2A and will therefore be readily understood.

The frequency of the ATC signal (the speed upper-
limit instruction signal) practically employed is about 10
Hz to 100 Hz. Thus, when the ATC signal of, for exam-
ple, 10 Hz 1s compared with a reference pattern of, for
example, 9 Hz, a length of time longer than 1 second
will be required until the final result of comparison is
obtained. Therefore, the procedure that data stored in
the ROM 6 is converted into the corresponding refer-
ence pattern and then the ATC signal is compared with
the reference pattern, the above result of comparison is
compared with the next reference pattern requires a
length of time as long as more than several seconds will
be required until the final result of comparison is ob-
tained, since the ATC signal generally has four to ten
frequency levels. This procedure will result in a danger
because, 1n a worst case, the train will run a distance of
several hundred meters without any deceleration from
the point at which the upper-limit of the speed has been
exceeded.

It 1s necessary to correlate all the signals in a parallel
and continuous fashion in order to avoid the above
danger and to obtain the final result of comparison as
quickly as possible.

However, when a method of disposing a plurality of
converters in paraliel so as to simultaneously generate
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all of the reference frequencies to be compared with the
ATC signal is employed, the scale of the circuit will
become very large, and difficulty will be encountered in
detecting a failure or failures occurring in one or more
of the individual converters, so that the fail-safe perfor-
mance which i1s most important to deal with a failure of
the parts of the ATC apparatus may not be ensured.
As described already, the function of quickly identi-
fying the frequency of the ATC signal, the function of

quickly correlating the train speed signal with the iden-
tified ATC signal and the function of quick failure de-

tection are essentially required for the ATC apparatus.
According to the present invention, the method of so-
called ring arithmetic 1s employed to meet the require-
ments for these functions.

The concept of this ring arithmetic will be explained
with reference to FIG. 4. Herein, the process for gener-
ating each of single frequency patterns as described
with reference to FIG. 2A, and the process for compar-
ing the frequency of each of the single frequency pat-
terns with that of the ATC signal or train speed-indica-
tive signal as described with reference to FIG. 2B, are
each called an operation stage. In the case of FIGS. 2A
and 2B, one operation stage is composed of arithmetic
operations on 4 bits.

The designation of the ring arithmetic is derived from
the fact that a plurality of operation stages I, . . ., Iz, .
. ., In for frequency pattern generation or frequency
comparison are arranged in the form of a ring as shown
in FIG. 4. The method is such that, while rotating the
ring of the operation stages by one bit after another in
synchronism with the clock signal, a train of input data
1s sequentially added bit-wise to the corresponding bits
of the ring in a converter 910, and an output signal 908
indicative of the presence or absence of a carry due to
the addition of the MSB of the input data to the MSB of
~ each operation stage appears from the converter 910.
This method is applied to both of the frequency pattern
- generating circuit 507 and the frequency comparison
- circuit 513.

- The practical circuit structure of, for example, the
frequency pattern generating circuit 507 will be de-
scribed with reference to FIG. 5. Referring to FIG. 5,
the shift register 903 described with reference to FIG.
2A 1s so constructed that its number of bits is equal to
the number of serial bits of all the operation stages, and
the train of data stored in the ROM 6 is also arranged to
meet the order of rotation of the operation stages.

The address signals for access to the data stored in the
ROM 6 are also applied cyclically in synchronism with
the rotation of the ring.

FIG. 6 shows various waveforms of the output signal
908 generated from the frequency pattern generating
circuit 507 when the operation stages are sequentially
numbered 1, I, I, ..., I, ..., I,, and the time required
for one cycle-of all the operation stages is represented
by the operation period T. In the case of the frequency
pattern generating circuit 507 shown in FIG. 2A, a
single reference frequency pattern output signal 908
appears in one operation period. On the other hand, in
the case of the ring arithmetic, the output signal 908 has
a pulse train as shown in the lower portion of FIG. 6
because a plurality of reference frequency patterns gen-
erated from a plurality of operation stages appear in one
operation period T. It will be seen in FIG. 6 that output
signals from a plurality of operation stages processed in
one operation period T provide a train of pulses provid-
Ing necessary reference frequency patterns.
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Therefore, the reference frequency patterns included
in the output signal 908 from the frequency pattern
generating circuit 507 are separated according to the
individual operation stages in the succeeding frequency
comparison circuit 513 to be compared with the input
frequency signal in the manner described already. That
i1s, the frequency comparing circuit 513 attains, by the
time divisional use of the single circuit based on the
principle of ring arithmetic, both the function of identi-
fying the ATC speed limit by comparing the frequency
of the ATC signal with a plurality of reference frequen-
cies and the function of speed correlation by comparing
the frequency of the train speed-indicative signal with
the frequency corresponding to the identified speed
limit thereby generating the ATC brake instruction
signal when the train speed exceeds the speed limit.

Thus, when a single circuit is adapted to execute all of
the necessary arithmetic operations, a failure occurring
In any one of the parts of the circuit results immediately
in appearance of an abnormality in any one of the results
of arithmetic operations.

However, when a failure detecting circuit is disposed
independently of the flow of the data to be arithmeti-
cally processed, the occurrence of a failure in the failure
detecting circuit itself cannot be detected resulting in
the loss of the desired fail-safe performance of the ATC
apparatus. '

A method to be described presently is employed in
the present invention to solve the above problem. Ac-
cording to the method employed in the present inven-
tion, one of the operation stages arranged in the form of
the ring is selected for the purpose of failure detection
so that a pattern generated from this operation stage in
an abnormal condition differs from that generated in the
normal or failure-free condition. The pattern appearing
in the normal condition is selected to be a specific AC
signal, while the pattern appearing in the abnormal
condition is selected to be a DC signal. By amplifying
such a pattern signal by means of an amplifier and ener-
gizing an electromagnetic relay through a transformer
coupling, occurrence of the abnormal condition or fail-
ure can be reliably indicated.

Further, by so arranging that all of the parts of the
circuit contribute to the formation of the above pattern,
a failure can be necessarily indicated in the event of
occurrence of an abnormal condition in any one of the
circuit parts, thereby ensuring the desired fail-safe per-
formance of the ATC apparatus.

The above description has explained the basic princi-
ple of the operation of the embodiment of the present
invention to be described in further detail hereunder.
The frequency signal generating circuit 507 and the
frequency comparison circuit 513 described later may
both have a structure as shown in FIG. 5. It is needless
to mention that the circuit structure shown in FIG. 5
may be applied to one of these two circuits instead of
being applied to both of them, and another circuit struc-
ture may be applied to the other.

FI1G. 7TA shows in further detail the structure of the
arithmetic LSI 5 and ROM 6 included in the embodi-
ment shown in FIG. 1, and FIG. 8A illustrates, by way
of example, the locations of data or parameters stored in
the ROM 6. Referring to FIG. 7A, the ROM 6 storing
the parameters is connected to the arithmetic LSI 5
which includes a clock generating circuit 501, an ad-
dress generating circuit 502 generating address signals
for access to the parameters stored in the ROM 6, a
timing control circuit 503 controlling the operation
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timing of internal elements of the arithmetic LSI 5, a
first input data buffer circuit 504 and a second input data
buffer circuit 505 for delaying the parameters applied
from the ROM 6, a gate circuit 506 for selectively per-
mitting application of the data applied from the ROM 6
to the frequency pattern generating circuit 507 (corre-
sponding to a first signal mode matching circuit) which
converts the parameters read out from the ROM 6 into
corresponding frequency signals, a parity check circuit
508 for the parity check of the parameters applied to the
frequency signal generating circuit 507, a first speed
signal synchronizing circuit 509 and a second speed
signal synchronizing circuit 510 receiving the train
speed-1ndicative pulse signal in synchronous relation
with the operation timing of the internal elements of the
arithmetic LSI §, an ATC signal synchronizing circuit
511 recetving similarly the ATC signal in synchronous
relation with the operation timing of the internal ele-
ments of the arithmetic LSI 5, a signal input control
circuit S12 for selectively applying the signal inputs to
the frequency comparison circuit 513 which carries out
the frequency comparison in the manner described al-
ready, an output logic circuit 514 logically operating on
the result of comparison in the frequency comparison
circuit 513 thereby generating the ATC brake instruc-
tion signal depending on the result of comparison, a
frequency signal output circuit 515 delivering the out-
put signal FS of the frequency signal generating circuit
507 to the exterior as a speed indication signal f3/, ROM
parameter input ports 516 to 519 for applying the pa-
rameters read out from the ROM 6 to the arithmetic
LSI 5, a CRC check (cyclic redundancy check) circuit
520 for carrying out the CRC of the ROM parameters
applied through the ROM parameter input port 518 (the
code added to the data for the purpose of cyclic redun-

dancy check being called the CRC code), and a clock

control circuit 521 controlling the operation timing of
the first and second data buffer circuits 504 and 505. In
F1G. 7A, the reference numeral 8 designates a crystal
oscillator which regulates the frequency of the clock
signal generated from the clock generating circuit 501.

FIG. 7B shows in detail the connection between the
ROM 6 and the arithmetic LSI 5. It will be seen in FIG.
7B that the data stored in the ROM 6 and read out from
a selected one of paralle] bit terminals D, to D7 are

applied to the ROM data input port 517 through a
wheel-diameter setting rotary switch 9.

FI1G. 8A 1illustrates, by way of example, the locations
of the parameters stored in the ROM 6. Referring to
FIG. 8A, I, to I;s designate ROM addresses corre-
sponding to the respective operation stages, and the
parameters stored in the ROM 6 are arranged in the
address direction so that they can be read out in a bit
serial mode. Symbols RSD, to RSDy designate ATC
signal patterns for identifying the corresponding ATC
signal frequencies, and VPD, to VPDy designate speed
patterns specifying the speed limits corresponding to
the respective frequencies of the ATC signal. Symbols
RSC, to RSCy designate patterns providing comple-
ments of the respective ATC signal patterns of specific
frequencies. Symbols 5KP and TGF designate a 5
km/hr pattern and a conductor disconnection detection
pattern respectively. Symbols WDC; and WDCyg desig-
nate wheel-diameter compensation parameters, CRC
designates the CRC check code, and FDD designates
the fatlure detection pattern. Each of the operation
stages I, to I;51s composed of 16 bits b, to bys, and the
signal parameters are stored in the form of a binary
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number. These parameters are read out in a bit serial
mode in the order of from the least significant bit b, to
b1, by, . . . to the most significant bit bys and also in the
order of the operation stages I,, I, In, . . ., Iis. Such a
reading operation is repeated at a high speed. As also
shown 1n FIG. 7B, the data (parameters) associated
with the bit terminal D,among the parallel bit terminals
D, to D7are applied to the arithmetic LSI 5 through the

input port 516. Similarly, the data (parameters) associ-
ated with the bit terminals D and D3 are applied to the
arithmetic LSI § through the input ports 518 and 519
respectively. In the operation stage 1;4 provided for the
wheel diameter compensation, the data WDC; associ-
ated with a selected one of the bit terminals D, to D+ is
applied to the arithmetic LSI 5 through the input port
517 depending on the set position of the rotary switch 9.
FIG. 7B shows that the rotary switch 9 is set at the
position connected to the bit terminal Dj. In this case,
the wheel-diameter compensation parameter WDC;
shown in FIG. 8A is applied to the arithmetic LSI 5 in
the operation stage 114.

F1G. 8B illustrates how all of the parameters are
stored in the ROM 6. In the region associated with the
signal FB described later, the data (parameters) shown
in FIG. 8A are directly stored, while in the region asso-
ciated with the signal FB, the failure detection pattern
FDD and the CRC check code CRC are stored in a
form which will intentionally yield a judgment of oc-
currence of a failure. In the latter region, the data (pa-
rameters) entirely the same as those stored in the former
region may also be stored. According to the present
invention, such a double ROM parameter arrangement
1s employed since, actually, the ATC signal patterns
RSD, to RSDyg stored in the region associated with the
signal FB are modified from those stored in the region

assoclated with the signal FB, and other modifications
are also made. However, the detail of the actual proce-

dure will not be described herein as it has no concern
with the essence of the present invention.

The operation of the circuit having the structure
shown 1n FIG. 7A will now be described with reference
to a time chart of FIG. 9. Referring to FIG. 9, I, to Iis
designate the sixteen operation stages for operating the
frequency pattern generating circuit 507 and frequency
comparison circuit 513 in a time division mode. As

shown in (s) of FIG. 9, the ten stages I, to I¢o among the
sixteen operation stages I, to Is are allotted to the func-

tion of identification of the ATC signal, while the re-
maining six operation stages Ijgto I1s are allotted to the
other functions. The stage Iois allotted to the function
(TFS) of detecting a conductor disconnection failure in
the tachogenerator 3, and the stage 1;; is allotted to the
function (SKS) of 5 km/hr detection. The stage 1;; is
allotted to the function (VDS) of speed correlation with
the speed limit, and the stage I13is allotted to the func-
tion (RCS) of checking whether or not the ATC signal
has been accurately identified. The stage 14 is allotted
to the function (WCS) of wheel diameter compensation,
and the stage Ijs 1s allotted to the function (FDS) of
failure diagnosis.

Among the data stored in the ROM 6 and shown in
FIG. 8A, that which is effectively utilized in the fre-
quency signal generating circuit 507 (the data actually
applied to the frequency sinal generating circuit 507) is
shown in (d) of FIG. 9. The three data VPDi, RSCi and
WDCi with a suffix 1 among them represent one of the
data in each of the corresponding data groups. The
frequency signal generating circuit 507 generates the
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reference patterns described later in response to the
application of these parameters. Three frequency sig-
nals are compared with the reference patterns in the
frequency comparison circuit 513. They are the ATC
signal f;, train speed-indicative signal {, and failure de-
tection signal f. which are applied to the frequency
comparison circuit 513 with timing shown 1n (a), (v) and
(c) of FIG. 9 respectively. The output signal FS from
the frequency signal generating circuit S07 appears with
a delay of one operation stage as described later, and,
therefore, these frequency signals f;, fyand {.are applied
to the frequency comparison circuit 513 in a relation
shifted by one operation stage from the associated oper-
ation stages for the frequency signal generating circuit
507. F1G. 9 shows in (b) the comparator output signal
B (described later) indicative of the result of compari-
son in the frequency comparison circuit 513. In FIG. 9,
the signal FB has a level “1” when the frequency of the
reference pattern is higher than that of the signals {,, §,
and f.. FIG. 9 shows in (p) and (r) the data stored in the
first and second input data buffer circuits 504 and 505
respectively shown in FIG. 7A.

The data read out through the bit terminal D, 1n FIG.
8A are applied to a bit serial mode through the ROM
data input port 516 shown in FIG. 7A to be applied to
the gate circuit 506 without any delay. The data read
out through the bit terminals D and D> 1n FIG. 8A 1s
applied through the ROM data input ports 318 and 519
to be delayed by the first and second 1nput data buffer
circuits 504 and 505 respectively. In the operation
stages I, to Iy, the frequency parameters RSD,to RSDyg
used for identifying the ATC signal are sequentially
apphied to the frequency signal generating circuit 307 to
be converted into the respective reference frequency
signals (ATC signal patterns fz5). On the other hand, the
- ATC signal is apphed to the ATC signal synchronizing

-circuit 511, thence, through the signal input control
~circuit 512 to the frequency comparison circuit 513 in
- which the frequency of the ATC signal is compared
- with that of each of the reference frequency signals.

In one of the operation stages I, to Io, the frequency
of the ATC signal pattern fz, becomes lower than that
of the ATC signal since the ATC signal is sequentially
compared with the reference pattern of higher fre-
quency to that of lower frequency that is, the output
signal FB appearing from the frequency comparison
circuit 513 is inverted from its “1” level to its “0” level
in one of the operation stages I, to I1g. FIG. 9 illustrates
that the level inversion occurs in the operation stage Is.
The resuitant output signal FB from the frequency com-
parison circuit 513 inhibits application of data from the
input ports 518 and 519 to the first and second input
data butter circuits 504 and 505, so that the data held in
these input data buffer circuits 504 and 505, that is, the
data VPD4 and RSC4 held in the respective buffer cir-
cutts 504 and 505 in the case of FIG. 9 are temporarily
latched. On the basis of the above consequence, refer-
ence patterns fp10 to f513 to be compared with the train
speed-indicative signal f, are sequentially generated
from the frequency generating circuit 507 in the opera-
tion stages I to I;3.

FIG. 10 shows the relation between the train speed-
indicative signal f, and these reference patterns fp10 to
fp13. The train speed-indicative signal f, of a constant
frequency is generated even when the speed of the train
1s zero, provided that the tachogenerator 3 is free from
a conductor disconnection trouble, and the disconnec-
tion detecting pattern f;10 is generated in the operation
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stage I10to detect such a trouble. The 5 km/hr detecting
pattern fp1; generated in the operation stage I1; has a
frequency corresponding to the speed of 5 km/hr. The
speed limit pattern f,12 appears in the operation stage
I12, and the check signal pattern f,13 appears in the
operation stage I13. The patterns {512 and 1513 have fre-
quencies variable depending on the result of identifica-
tion, hence, the received specific ATC signal. In other
words, they are a function of the ATC signal. In this
manner, the individual data for generating the individ-
ual patterns corresponding to the specific ATC signal
are temporarily latched in the first and second input
data buffer circuits 504 and 505 by the application of the
comparator output signal FB indicative of the identifi-
cation of the ATC signal, and this data is then applied to
the frequency signal generating circuit 507 in the opera-
tion stages I12 and I13 so as to generate the patterns fp12
and fp13 corresponding to the specific ATC signal. Espe-
cially, the speed limit pattern f,12 generated in the oper-
ation stage ;2 represents the speed limit dictated by the
ATC signal and is used for correlation with the actual
speed of the train.

It will thus be seen that, in the above-described em-
bodiment of the present invention, the step of genera-
tion of the speed limit signal corresponding to the ATC
signal and the step of correlation of the speed limit with
the actual speed are executed in the same LSI and by
use of the same arithmetic operation route. However,
the apparatus may be so constructed that the LSI func-
tions merely as the receiving part finally generating the
speed limit signal, and the speed correlating part 1s
provided by a separate hardware device, or, con-
versely, the LSI functions merely as the speed correlat-
ing part, and the receiving part is provided by a separate
hardware device. The wheel diameter compensation is
executed in the operation stage I14. In this operation
stage I14, a wheel-diameter compensation parameter
WDC; applied through the ROM data input port 517 is
converted into a corresponding frequency pattern each
time the train speed-indicative signal f, is applied to the
first speed signal synchronizing circuit 509. The com-
pensated speed pulse signal f," appearing as a result of
wheel diameter compensation is applied from the fre-
quency signal output circuit 515 to the exterior of the
L.SI 5 to be used for the purpose of, for example, speed
display. At the same time, this signal f,’ is applied to the
second speed signal synchronizing circuit 510 so that
various reference patterns can be compared again with
the wheel diameter-compensated speed signal.

Whether or not an error has occurred 1n any one of
the parameters is checked by the parity check circuit
508 in a manner similar to that described hereinbefore.
The CRC check circuit 520 executes its CRC check
function so as to detect whether or not a parameter is
replaced by another parameter due to a failure occur-
ring in the address lines. This CRC check circuit 520 is
also periodically checked for an abnormal operation in
a manner similar to that described for the parity check
circuit 508.

This failure detecting operation will be described in
detail. The control function of the parity check circuit
508 is such that, when it detects a parity error in a pa-
rameter, it applies an input (1111); to the frequency
signal generating circuit 507 in the failure diagnosis
(FDS) stage, while when it does not detect any parity
error, it applies an input (0000); to the circuit S07. Con-
sequently, the output signal applied from the frequency
signal generating circuit 507 to the frequency compari-
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son circuit 513 has its highest frequency in the presence
of a parity error and has its “0” frequency in the absence
of such an error.

On the other hand, the CRC check circuit 520 checks
the validity of the cyclic code CRC for the patterns
applied in the bit serial mode from the bit terminal D1 in
the operation stages I, to I14 among the ROM parame-
ters shown in FIG. 8A. The control function of the

CRC check circuit 520 is such that, when it detects an
error, the signal input control circuit 512 applies an
mput of “0” frequency to the frequency comparison
circuit 513 in the failure diagnosis (FDS) stage, while
when it detects that the cyclic code CRC is valid, the
circuit 312 applies an input of highest frequency to the
circuit 513.

Consequently, the output signal FB from the fre-
quency comparison circuit 513 is positive in the pres-
ence of both a parity error and a CRC error in any one
of the parameters read out from the ROM 6 and is nega-
tive in the absence of both of such errors. When one of
the parity error and the CRC error is present, the two
Inputs to the frequency comparison circuit 513 are equal
to each other, and the output signal FB from the circuit
513 1s maintained in its previous value.

Suppose now that the values of the parameters FDD
and CRC among the parameters read out from the
ROM 6 are valid when FB=*‘1", and these values are
not valid when FB=*0". Then, an oscillation or re-
peated alternate inversion of the level pursuant to every
level change occurs in the signal FB in the failure diag-
nosis (FDS) stage.

Such an alternating voltage signal FB appearing in

the failure diagnosis (FDS) stage may be selectively
delivered from the output logic circuit 514. In the event

of occurrence of a failure at whatever portion of the
circuits disposed in the routes extending from the ROM
6 and 1ts peripheral circuits through the parity check
circuit 508 and CRC check circuit 520 to the output
logic circuit 5§14, such an alternating voltage output
signal FB disappears so that failure detection can be
~ reliably attained.

It will be understood from the foregoing description
of the embodiment of the ATC apparatus according to
the present invention that a parameter-storing ROM, an
arithmetic LSI, and circuits for demodulation, wave
shaping and amplification of input and output signals
are merely required for constituting the ATC appara-
tus. In other words, both the ATC signal identifying
function and the speed correlating function of the prior
ATC apparatus can be executed by a common hard-
ware device, especially, a single L.SI. This means that
the IC’s resistors, capacitors and other parts totaling
about one hundred, the soldering portions as many as
several hundreds, the connectors between the printed
circuit boards, the relays, etc. in the prior art ATC
apparatus are replaced by an ROM and an LSI. Suppose
that the failure rate per part is 10 Fit and that of the LSI
1s 200 Fit taking into acount the various factors above
described, then, the failure rates of these parts can be
improved by the factor of 10. This means that the prob-
ability of occurrence of an uncertain failure described
hereinbefore, that 1s, a failure including the possibility of
giving rise to fail-out can be reduced, and the probabil-
ity of occurrence of a failure such as a short-circuit
between conductors can also be reduced. Therefore, the
present invention can provide an ATC apparatus which
1s small in size, operable with high reliability and exhib-
its high fail-safe performance.
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FIG. 11 shows another embodiment of the present
invention in which the same reference numerals are
used to designate the same parts appearing in FIG. 7A.
Referring to FIG. 11, the arithmetic LSI 5 includes,
besides the circuits 501, 502, 503, 508, 514 and 520, a
first parameter buffer circuit 531 converting a first pa-
rameter applied in a bit serial mode through a first pa-
rameter input port 522 into a parallel data, a second

parameter buffer circuit 523 converting a second pa-
rameter applied in a bit serial mode through a second
parameter input port 524 into parallel data, a first signal
Input circuit 525 receiving the ATC signal, a second
signal input circuit 526 receiving the train speed-indica-
tive signal, a period counter 527 converting the ATC
signal into a parallel data, a frequency counter 528 con-
verting the train speed-indicative signal into parallel
data, and a parallel comparison circuit 529.

FIG. 12 shows parameters stored in the ROM 6
shown in FIG. 11, and the symbols have meanings simi-
lar those described with reference to FIG. 8A. The
parameters 1n the first row in FIG. 12 are applied to the
arithmetic LSI 5 through the first parameter input port
522 shown in FIG. 11, and, similarly, the parameters in
the second row are applied to the arithmetic LSI 5
through the second parameter input port 524.

Referring to FIGS. 11 and 12, the parameters RSD,
to RSD7 and VPD, and VPD7 corresponding to the
ATC signal and speed limit are applied to the first and
second parameter buffer circuits 531 and 523 respec-
tively in the operation stages I, to 17 with the timing
determined by the timing control circuit 503. On the
other hand, the ATC signal is applied through the first
signal input circuit 525 to the period counter 527, so that
the period of the ATC signal is counted by the period
counter 527 in response to the application of high-speed
clock pulses from the timing control circuit 503. The
period of the ATC signal thus counted is sequentially
compared in the parallel comparison circuit 529 with
the parameters RSD, to RSD7 applied through the first
parameter buffer circuit 531. When, for example, the
parameter RSDs applied in the operation stage 15 coin-
cides with the period of the ATC signal, the second
parameter VPDs applied in that operation stage Is is
held in the second parameter buffer circuit 523 under
control of the control signal applied from the timing
control circuit S03.

The frequency counter 528 counts the number of
speed pulses applied through the second signal input
circuit 526 within a predetermined sampling period of
sampling pulses applied from the timing control circuit
503, thereby counting the frequency of the train speed-
indicative pulse signal. This is read out in a bit parallel
mode so as to attain matching between the signal mode
of the train speed-indicative pulse signal and that of the
parameter signal. In the operation stages Ig and Ig, the
count indicative of the frequency of the train speed-
indicative pulse signal is compared in the parallel com-
parison circuit 529 with the parameters TGF and 5KP
applied through the first parameter buffer circuit 531. In
the operation stage Ijg, the counter indicative of the
frequency of the train speed-indicative pulse signal is
similarly compared in the parallel comparison circuit
529 with the speed limit pattern VPDs held in the sec-
ond parameter buffer circuit 523 for the purpose of
speed correlation. In the operation stage I;1, the CRC
check circuit 520 executes the CRC check on the pa-
rameters in the first row in FIG. 12 so as to diagnose the
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address system of the ROM 6 for the presence of a
failure.

It will be seen from the above description of the
second embodiment of the present invention that the
frequency signal generating circuit is unnecessary since
the frequency signal such as the ATC signal or the train
speed-indicative signal is converted into a parallel signal
which 1s compared with the parameter in a bit parallel
mode. Further, by the provision of a plurality of input
ports, identification of the ATC signal is facilitated, and
the signal receiving part and the signal correlating part
can be united, which contributes greatly to the im-
provement in the reliability of the entire ATC appara-
tus. Furthermore, due to the fact that the frequency of
the ATC signal 1s low or about 10 Hz to 100 Hz, the
technique of period measurement can be taken during
the conversion of the ATC signal into the parallel mode
to ensure conversion with high accuracy.

What is claimed is:

1. An automatic train control apparatus responsive to
a frequency-modulated ATC signal, which is transmit-
ted from a transmitter disposed along the train track and
indicates one of a plurality of selected speed limits, for
limiting the speed of the train as indicated by a speed
signal received from a speed detector to a speed not
higher than the speed limit indicated by the ATC signal,
comprising;: :

memory means including a read-only memory for
storing digital codes corresponding to respective
ones of said plurality of selected speed limits; and

a large-scale integrated circuit connected to said
read-only memory, and including:

(a) signal input means for receiving an ATC signal
from said transmitter and said speed signal having a
frequency corresponding to the train speed from
said speed detector, |

(b) speed limit detecting means connected to said
signal input means and said read-only memory for
identifying the speed limit indicated by said re-
ceived ATC signal and for reading out of said
read-only memory a digital code corresponding to
said i1dentified speed limit,

(c) speed correlation means for comparing the speed
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hmit indicated by the received ATC signal with the

actual train speed indicated by said received speed
signal, including first signal mode matching means
connected to said signal input means and said speed

limit detecting means for converting the mode of

said speed signal or the mode of said digital code
read out of said read-only memory to produce a
speed signal and a speed limit signal whose signals
modes correspond to each other, and comparison
means connected to said signal mode matching
means for producing an output when said speed
signal exceeds said speed limit signal, and

(d) output means for delivering a false instruction

signal 1n response to the output of said comparison
means so as to prevent the train from exceeding the
speed indicated by said ATC signal.

2. An automatic train control apparatus according to
claim 1, wherein said read-only memory stores, for each
of said selected speed limits, a first digital code repre-
senting a parameter for identifying the speed limit and a
second digital code representing a parameter of the
speed limit, and wherein said speed limit detecting
means includes means for identifying the speed limit
indicated by the receviced ATC signal on the basis of
the first digital codes stored in said read-only memory.
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3. An automatic train control apparatus according to
claim 2, wherein said memory means includes means for
successively reading-out said first digital codes and
wherein said identifying means includes second signal
mode matching means connected to said signal input
means and said read-only memory for converting the
mode of said ATC signal or the mode of said first digital
codes to produce a first output signal and a sequence of
second output signals all having the same signal mode
and correspond to said ATC signal and said first digital
codes, respectively, correlating means for correlating
satd first output signal with said sequence of second
output signals, and output means connected to said
correlating means for identifying the first digital code
which corresponds to said ATC signal and for generat-
ing an address signal for reading out of said read-only
memory the second digital code correspond to the same
speed hmit as the first digital code identified by said
correlating means.

4. An automatic train control apparatus according to
claim 3, wherein said comparison means in said speed
correlation means and said correlating means in satd
iIdentifying means are provided by means including a
single comparison circuit for executing the functions of
the comparison means and the correlating means in a
time division mode.

5. An automatic train control apparatus according to
claim 1, wherein said first signal mode matching means
includes means for converting said digital code read out
of said read-only memory to a frequency signal, and
said comparison means includes means for comparing
the frequency of said speed signal to the frequency of
said frequency signal from said converting means.

6. An automatic train control apparatus according to
claim 1, wherein said first signal mode matching means
includes means for converting said speed signal from
said signal input means to a digital code, and said com-
parison means includes means for comparing the digital
code from said converting means with the digital code
read out of said read-only memory means.

7. An automatic train control apparatus according to
claim 3, wherem said second signal mode matching
means includes means for converting said second digital
codes read out of said read-only memory to frequency
signals corresponding to the frequencies of said ATC
signals for different ones of said plurality of selected
speed limits, and said correlating means includes means
for effecting a successive comparison between said
ATC signal received by said signal input means and the
frequency signals produced by said converting means.

8. An automatic train control apparatus according to
claim 3, wherein said read-only memory also stores an
error check code which i1s read out with said digital
codes, and said large-scale integrated circuit further
includes error detecting means for detecting an error in
the first and second digital codes read out of said read-
only memory on the basis of said error check code.

9. An automatic train control apparatus according to
claim 8, wherein said error check code includes a CRC
code added to said digital codes, and said error detect-
ing means includes a CRC error check circuit.

10. An automatic train control apparatus for receiv-
ing a frequency-modulated ATC signal transmitted
from a transmitter disposed along the track, for compar-
ing the speed limit indicated by the received ATC sig-
nal with the actual train speed detected by a speed de-
tector and for delivering a brake instruction signal when
the detected speed exceeds the speed limit so as to run
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the train at a speed not higher than the speed limit, said
automatic train control apparatus comprising means for
generating a plurality of reference signals used for iden-
tifying the speed limit indicated by said ATC signal,
first comparing means for comparing said ATC signal
sequentially with said plural reference signals and for
producing an output signal identifying the reference
signal which corresponds to said ATC signal, means for
generating one of a plurality of speed limit signals corre-
sponding to the speed limit indicated by said ATC sig-
nal in response to the output signal appearing from said
first comparing means, second comparing means for
comparing a train speed-indicative signal from said
speed detector with said speed limit signal, said refer-
ence signals generating means and said speed limit sig-
nal generating means including means for storing pa-
rameters corresponding to a plurality of predetermined
reference signals which are compared with said ATC
signal to i1dentify the speed limit included in said ATC
signal and speed limit signal, and means for reading out
said parameters while effecting a matching between the
signal mode of the read-out parameters and that of said
ATC signal and said train speed-indicative signal, and
output means for delivering a brake instruction signal in
accordance with the result of said comparison by said
second comparing means, sO as to prevent the train
from exceeding the speed indicated by said ATC signal.

11. An automatic train control apparatus as claimed
in claim 10, wherein said first and second comparing
means are provided by single comparing means which
executes the functions of said first and second compatr-
ing means in a time division mode.

12. An automatic train control apparatus as claimed
In claim 10, wherein said plural reference signals, said
speed himit signals and said train speed-indicative signal
are frequency signals, and said first and second compar-
Ing means comprise frequency comparing means.

13. An automatic train control apparatus as claimed
in claim 10, wherein said reference signal generating
means and said speed limit signal generating means are
provided by single signal generating means which exe-
cutes the functions of said reference signal generating
means and said speed limit signal generating means in a
time division mode.

14. An automatic train control apparatus responsive
to a frequency-modulated ATC signal, which is trans-
mitted from a transmitter disposed along the train track
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and indicates one of a plurality of selected speed limits,
for limiting the speed of the train as indicated by a speed
signal received from a speed detector to a speed not
higher than the speed limit indicated by the ATC signal,
comprising:

memory means including a read-only memory for
storing digital codes corresponding to respective
ones of said plurality of selected speed limits; and

a large-scale integrated circuit connected to said
read-only memory, and including:

(a) signal input means for receiving an ATC signal
from said transmitter and said speed signal having a
frequency corresponding to the train speed from
said speed detector,

(b) means for identifying the speed limit included in
the ATC signal, connected to said read-only mem-
ory for storing a first parameter which is a compar-
1son reference value for identifying the speed limit,
said speed limit identifying means comprising first
signal mode converting means for converting said
first parameter into a signal mode comparable to
the ATC signal, second signal mode converting
means for converting the ATC signal into a signal
mode comparable to said first parameter, and a
comparison circuit for comparing the converted
first parameter with the ATC signal;

(c) speed correlation means for determining whether
or not a train speed exceeds the identified speed
limit, connected with said read-only memory for
storing a second parameter which is a reference
value for the speed limit comparison corresponding
to the identified speed limit, said speed correlation
means comprising third signal mode converting
means for converting said second parameter into a
signal mode comparable to a speed signal from
speed detector, fourth signal mode converting
means for converting said speed signal into a signal
mode comparable to said second parameter, and a
comparison circuit for comparing said converted
second parameter with said speed signal to produce
an output signal,

(d) output means for delivering a false instruction
signal in response to said output signal of said com-
parison circuit so as to prevent the train from ex-
ceeding the speed indicated by said ATC signal.
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